eart transplantation has been used to treat dilated cardiomyopathy (DCM) in patients in whom medical therapy or a left ventricular assist device has failed. However, there are a limited number of hearts available for transplantation, and many patients die while awaiting transplantation. Recently, partial left ventriculectomy (PLV; the Batista procedure) 1-6 has received attention as an alternative or bridging treatment for severe cardiomyopathies. In this operation, the surgeon partially resects the left ventricle in an attempt to decrease left ventricular wall tension by reducing chamber volume. Therefore it is necessary to establish the indications for this procedure and to determine the prognosis following this surgery.
myocardial biopsy specimens have been reported in the setting of DCM. Furthermore, autopsy specimens of hearts from patients with DCM have evidence of inflammatory cell infiltrates. 16, 17 It is therefore quite important to determine the role of inflammatory cell infiltrates or active myocarditis in the development of DCM.
The histopathologic features of myocardial injury and the severity of cardiomyopathy are considered to be factors determining the prognosis following PLV. We previously reported that severe inflammatory cell infiltration might serve as a predictor of poor outcome, 18 ,19 but we could not determine a significant correlation between any histopathologic findings and the early prognosis of patients with DCM following PLV, because the number of patients was too small.
The purpose of present study was to determine the involvement of active myocarditis in DCM using histopathologic, immunohistochemical and virologic studies of myocardial specimens obtained by PLV. In addition, this study aimed to determine the relationship between the histopathologic findings and the early prognosis of patients with DCM following PLV using more histopathologic factors in a larger number of cases compared with our previous study. 18, 19 Jpn Circ J 2001; 65: 797 -802 (Received October 27, 2000 ; revised manuscript received May 28, 2001 ; accepted June 11, 2001 7 Assessment of symptoms of heart failure was performed using the New York Heart Association (NYHA) functional classification. 20 All patients underwent noninvasive and invasive evaluation, including echocardiography and cardiac catheterization with coronary angiography. In 8 patients, an endomyocardial biopsy from the right ventricle was performed before the operation, but there was no evidence of significant infiltration of inflammatory cells. Institutional reviews board approval was obtained at both hospitals, and all patients gave informed consent for inclusion in the study. Specimens of ventricular myocardium from the posterolateral wall that were resected during the surgery were analyzed.
Histopathologic Examination
Specimens were fixed in 10% buffered formalin and embedded in paraffin for routine light microscopy. Transmural sections (1.5-4.0 cm 2 ) were prepared. Hematoxylin -eosinstained sections were analyzed for the semiquantitative grading (0-4) of cardiomyocyte degeneration, including scarcity of myofibrils and vacuolization. 21 For each specimen, photomicrographs (magnification: ×100) of 20 randomly selected fields were obtained for the outermost, intermediate, and innermost layers of the myocardium (60 visual fields per specimen in total). Quantitative analysis of myocardial cell diameter was performed using NIH Image analysis software. Azan-stained sections were used for quantitative evaluation of the degree of interstitial fibrosis (% fibrosis) using the point counting method. 22 
Immunohistochemical Examination
Paraffin sections (prepared from 10% buffered formalinfixed specimens) or frozen sections (prepared from frozen specimens using a cryomicrotome [Reichert-Jung 2800E]) were examined as follows. First, inflammatory cell infiltration was evaluated qualitatively using leukocyte surface markers ( 
Virologic Analyses
Frozen myocardial specimens were examined for genomes of enteroviruses, including coxsackie virus, mumps virus, cytomegalovirus, influenza A virus, adenovirus, and hepatitis C virus, using the polymerase chain reaction (PCR) to determine the involvement of viral infection in idiopathic DCM. Details of the PCR methods have been reported previously. 14, 15, 23, 24 
Statistical Analysis
The relationship between the histopathologic findings and the postoperative outcomes (mortality) was analyzed. All quantitative data are expressed as the mean ± SE. We used the Mann-Whitney U test to compare the 2 groups with respect to categoric variables. Continuous variables were assessed with Student's unpaired t test for intergroup comparison. A value of p<0.05 was considered significant.
Results

Histopathologic Examination
There was evidence of marked myocardial damage; severe interstitial fibrosis, fatty infiltration, and myocardial degeneration were generally observed. The myocardial cell diameter ranged from 17.3 to 24.4 m (mean: 20.0±0.3 m) and the severity of myocardial fibrosis (% fibrosis) ranged from 2.2 to 41.4% (mean: 18.0±2.2%) ( Table 1 ). Interstitial mononuclear cell infiltration was noted in all of the specimens and was sometimes accompanied by severe interstitial fibrosis and/or myocardial cell degeneration (Fig 1A,B) .
Immunohistochemical Examination
Most (Table 1 ; Fig 1C,D) . In 7 (26%) of the 27 specimens, the infiltrating inflammatory cell count was greater than 30.0 cells/mm 2 . Clusters of infiltrating cells were visible in specimens with severe cell infiltration (Fig 1) . (Fig 1E,F) , and the latter appeared to be more prominent.
UCHL-1-positive cells (T cells) accounted for a higher percentage of the infiltrating lymphocytes than SL-26-positive cells (B cells). Both CD8-positive cells (cytotoxic/suppressor T cells) and OPD4-positive cells (helper/inducer T cells) were detected
Virologic Analysis
Based on PCR analysis of specimens of resected myocardium, enterovirus genome was present in 9 (38%) of the 24 specimens examined ( Table 1 ) and 5 of these enterovirus-positive specimens showed evidence of severe inflammatory cell infiltration (>30 leukocytes/mm 2 ). Mumps virus, cytomegalovirus, influenza A virus, adenovirus, and hepatitis C virus were not detected.
Histopathologic Features and Prognosis
When postoperative outcomes within 1 year after surgery were analyzed, 15 of the 27 patients were alive. Many of those patients had resolution of their symptoms. Of the 12 patients who died during this period, 7 died of left ventricular dysfunction after surgery (4 died within 1 month, and 3 died after 1 month). In 5 patients the direct cause of death could not be confirmed as cardiogenic: 2 died of pneumonia, 1 died of cerebral infarction, 1 died of pneumothorax, and 1 died of sudden death (Table 1) .
We compared the histopathologic findings between the 7 patients who died of left ventricular dysfunction, 5 patients who died of noncardiogenic causes and the 15 survivors. There was no significant intergroup differences in age, NYHA functional class, preoperative ejection fraction, the degree of myocardial fibrosis, cardiomyocyte diameter, or the degree of cardiomyocyte degeneration (myocardial vacuolization and scarcity) ( Table 2 ).
The 7 patients who died of left ventricular dysfunction had a higher total infiltrating inflammatory cell count than Fig 3) . The 5 patients who died of noncardiogenic causes had more CD68-positive macrophages than the 15 survivors (9.1±6.9 vs 4.2±0.8 cells/mm 2 , p=0.03). There was no significant statistical difference in the number of LCA-positive lymphocytes and the total cell infiltration ( Table 2) .
Discussion
Recently, PLV, as introduced by Batista, has been used for treating end-stage heart disease. 1, 2 In Japan, this procedure was first used in December, 1996, 6 but has had limited success in some institutes. 3, 4, 6 However, PLV is an acceptably safe and effective treatment for end-stage cardiomyopathy with proper choice of patients. 6 We previously reported that severe inflammatory cell infiltration might serve as a predictor of poor outcome in patients with DCM, 18, 19 and the present study, which included a larger number of patients, demonstrated that the infiltrating inflammatory cell count was significantly greater in patients who died of left ventricular dysfunction after PLV than in patients who survived. Additionally, analysis of the histopathologic factors that might influence outcome showed that early postoperative mortality was affected only by the degree of myocardial inflammation. Based on these findings, anti-inflammatory therapy, including the use of anti-virus and immunosuppressive or immunomodulative agents combined with PLV, might improve the postopera- tive outcome in patients with severe or ongoing myocardial inflammation. In the 5 patients who died of noncardiogenic causes after PLV, the infiltrating inflammatory cell count tended to be higher than in the survivors, although there was no significant statistical difference other than the number of CD68-positive macrophages. These cases might have suffered from pneumonia, sudden death or other critical conditions, regardless, because of their left ventricular dysfunction and severe congestive heart failure, possibly associated with an immunologically compromised status. Therefore, in cases of DCM with severe inflammation in the myocardium, early postoperative mortality may be high not only because of cardiogenic death, but also from noncardiac events.
Stolf et al reported that survival after PLV was affected by myocardial cell diameter. Specifically, a greater myocyte diameter was associated with poorer outcomes during the first 7 months following surgery. 25 Our study showed no significant difference in the degree of myocardial fibrosis or cardiomyocyte diameter between patients who survived and those who died. These factors seem to contribute less to the early prognosis of patients with DCM after PLV and further long-term follow-up studies are necessary to define their effect.
Myocardial inflammatory cell infiltration is seen in some patients with DCM, and the possible relationship between myocardial inflammation and the etiology and pathophysiology of DCM has received close attention. [8] [9] [10] [11] 16, 17, [26] [27] [28] Attempts to treat DCM and myocarditis using immunosuppressive and antiviral agents have been reported. [29] [30] [31] [32] [33] In the present study, examination of myocardial specimens obtained by PLV, showed mononuclear cell infiltration in all of the specimens. Quantitative and qualitative analyses using leukocyte surface markers revealed the presence of inflammatory cell infiltrates (active myocarditis) in some cases. Myocardial inflammation in the setting of DCM or chronic myocarditis appears to be a phenomenon that not only takes place in small localized regions of myocardium but is generally present throughout the ventricle, 34, 35 resulting from the effects of cytokines and adhesion molecules. 27, 36 Therefore, the inflammatory cell infiltrates present in the resected left ventricular myocardium may reflect the effects of diffuse myocardial inflammation, which strongly suggests that active inflammation is involved in the development of at least some types of DCM, or in terminal-stage DCM. Factors that may induce inflammatory cell infiltration include persistent viral infection, [12] [13] [14] [15] 37 autoimmunity, 38 therapeutic use of catecholamines, heart failure, 36 and increased myocardial stress or myocardial ischemia caused by cardiac dysfunction. These primary and secondary factors that may be responsible for inflammatory cell infiltration need to be studied in greater detail.
Based on PCR analysis, enterovirus genome was detected in 9 (38%) of 24 specimens examined and 5 of these enterovirus-positive specimens had evidence of severe inflammatory cell infiltration. The presence of enterovirus genome in the myocardium suggests a role of the virus in the development of myocardial inflammation in the setting of DCM.
